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$(V,d)\text{ }\mathrm{f}\mathrm{f}b^{\backslash }\backslash \text{ }l\mathrm{h}$
?
. $V=F_{q}^{n},d=\mathrm{H}\mathrm{a}\mathrm{m}\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{g}$





$d(X)={\rm Min}\{d(x,y)|x,y\in X,x\neq y$:
,
$|X|$ $d(X)$






$\iota V=S^{n-1},$ $d_{0}=\pi/3$ ( . $R^{n}$ $d_{0}=1$ )
. $d(X)\geq d_{0}$ $|X|$ $n$ kissing number $\tau(n)$
















$\sim_{\frac{}*\mathrm{B}_{\mathrm{D}}^{r}\cdot \mathrm{g}\text{ }\# 9\vec{7^{\sim}}\theta \text{ }(\backslash \text{ }\backslash \mathrm{F}}{t\leq k\leq v,\lambda \text{ }1\mathrm{a}-\mathrm{r}\text{ }}\underline{.}$\emptyset \not\in )7\tilde g-##’\mbox{\boldmath $\theta$}‘4\Re \check ‘k\nearrow ) $V$ $|V|=v$ $V^{(k)}$ $V$ $k$
$B\subset V^{(k)}$ $B\subset V^{(k)}$ , $(V,B)$ ,
$\triangleright(v, k, \lambda)$ design ( t- ) , $T\in V^{(}$t) ,
$\lambda(T)=|\{B\in B|T\subset B\}|$ $T$ . $\lambda$
. $B\neq V^{(k)}$ . .
( Fisher , RayChaudhuri-Wilson)
$(V, B)$ $t$- $t=2s$
$b:=|B|\geq(\begin{array}{l}vs\end{array})$
.
$2s$- tight $2s$- . tight 2s-
$($EnomotO-ItO-Noda-Bremner, $\mathrm{B}\mathrm{a}\mathrm{n}\mathrm{n}\mathrm{a}\mathrm{i})_{\text{ }}t=2s\geq 8$
.
. $C$ t-
. $C^{[perp]}=\{x\in \mathrm{F}_{\mathrm{q}}^{n}|x\cdot y=0, \forall y\in C\}$ .
$x$ .\sim $\mathrm{F}_{\mathrm{q}}^{n}$ . $C$
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$C$ $F_{q}^{n}$ $2s$- $|C| \geq\sum_{\dot{\iota}=0}^{\delta}(q-1)^{:}(\begin{array}{l}n\dot{l}\end{array})$ .
$?s$- tight 2s-
. tight $2s$- (Cameron, Delsarte,
Noda, Hong ) $\text{ }$ $t$ $q=2$ . $q=2$
.
$X\subset S^{n-1},$ $|X|<\infty$ , .
$\ovalbox{\tt\small REJECT}\int_{S^{n-1}}f(x)d\sigma(x)=\frac{1}{|X|}o\sum_{e\in X}f(x)$




$t$ ($n\geq 3$ )
.






$X\subset S^{n-1}(n\geq 3)$ tight $t=1,2$ , $3,4,5,7,11$ .
: $n=2$ tight $\mathrm{t}$- $n$ . $n\geq 3$
. tight 1- antipodal ( ) 2 .
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tight 2- regular simplex $n+1$ .
tight 3- generalized octahedron $2n$ . tight 1-,
$\underline{9}-_{t}3$- $n$ .
tight 4- $n=(2m+1)^{2}-3$ . $m$
$m=1,2$ $\mathrm{t}\mathrm{i}\mathrm{g}1_{1}\mathrm{t}- 4$ $m\geq 3$ $m$
$\downarrow|$ .
$S^{n-1}$ tight 5- $S^{n-2}$ tight 4-
. $S^{n-1}$ tight 5- $n=.3$ $n=(2m+1)^{2}-\underline{9}$
. ($m=1,2$ $n=7,2$3, $|X|=56,5$52
. $W$ (E7), $Co_{3}$ .)
tight 7- $n=3l^{2}-4$ . $l$ \dagger 2
$l=2,3$ \geq 4 $l$
.$|$ . ( $l=2,3$ $n=8,2$3,
$|X|=240$ ,4600 . $W$ (E8), $C0_{2}$ .)
tight 11- $n=24$ Leech minimum /
196560 .




$X\subset S^{n-1}(n\geq 3)$ tight 5- ($n=(2m+1)^{2}-2$ , $m=1,2$
) $m=3,4$ . ,
$m$ .
$X\subset S^{n-1}(n\geq 3)$ tight 7- ($n=3l^{2}-4$ , $l=2,3$
) $l=4,5$ . , $l$ t
.
, tight . ,
tight (Johnson
tight ), $F_{q}^{n}$ tight
(Hamming tight
) , $t$- , tight
$\mathrm{Q}$-polynomial , tight $\check{7}^{\wedge}[]$
. $t$- , tight
$\mathbb{R}$,C , $\mathbb{O}$ ( , , 4 , Cayley octaves)















$X\subset S^{n-1},$ $|X|<\infty$ ,
$\omega$ : $Xarrow \mathbb{R}_{>0}$ ,
$(X,\omega)$ , $\omega$ .
$\frac{1}{|S^{n-1}|}\int_{\mathrm{S}^{\pi-1}}f(x)\omega(x)d\sigma(x)=\frac{1}{\omega(X)}\sum_{\alpha\in X}\omega$ (x) $f(x)$
$t$ $f(x)=f$ (x1, $x_{2}$ , , . . , $x_{n}$) . , $\omega(X)=$
$\sum_{\mathrm{r}\in X}\omega$ (x) .
( , cubature formula quadratue formula .)
. $\omega$ ,
$(\star)$ ( )





. , tight ,
.
, $\mathbb{R}^{n}$ t- .
(Neumaier-Seidel, 1988, Delsarte-Seidel, 1989)
$X\subset \mathbb{R}^{n},$ $|X|<\infty$ ,
$\omega$ : $Xarrow \mathrm{R}_{>0}$ ,
$(X,\omega)$ , $|$) $\mathbb{R}^{n}$ $\omega$
.
$. \cdot\sum_{=1}^{p}\frac{\omega(X)}{|S.|}.\int_{S}.\cdot f(x)\omega(x)d\sigma(x)=.\sum_{\in X}\omega(oe)f(x)$
$t$ $f(x)=f$ (x1, $x_{2},$ $,$ . . $,$ $x_{n}$ ) .
, $S.\cdot$$(i=1,2, ...,p)$ $X$ . ,
$X_{:}=X\cap S.\cdot$ .
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, $s_{:}=\{0\}$ , ,
$\frac{1}{|\mathrm{S}.|}.\int_{S_{*}}$. $f(x)d\sigma(x)=f$ (0) .
, .
(Delsarete,Neumaier, Seidel, 1989)
$(X,\omega)$ $\mathrm{R}^{n}$ $2e$- .
’ g(F 6 /\supset 0\in 0 $X\text{ }\not\in X$\emptyset $\mathrm{f}\mathrm{l}l\mathrm{h}\mathfrak{l}\mathit{3}ip\geq p\geq[\ovalbox{\tt\small REJECT}_{\grave{\text{ }}\mathcal{X}btf}^{C\text{ }lf}[\frac{e}{2}]\}$
$|$X$|\geq(\begin{array}{l}n+ee\end{array}).$
.
, , $(X,\omega)$ ( ) tight $2e$- .
. $t=4$ $\omega(x)$ ,
. ( .)
(Bannai-Bannai, preprint)
$(X,\omega)$ $\mathrm{R}^{n}$ tight 4- . weight
$X=\{0\}\cup$ { $S^{n-1}$ tight 4- } .
$S^{n-1}$ 1 .
, . , tight
, , . Delsarte-
Neumaier-Seidel , fight 2e-
$(2e\geq 4)$ , . , $2e\geq 6$
.
$X=X_{1}\cup X_{2},$ $X$1 $X_{2}$
$\mathrm{R}^{2}$ 2 .
$X_{1}= \{(1,0), (-\frac{1}{2}, c_{2}, (-\frac{1}{2}, -\not\subset_{2}\mathrm{a}_{)}\},$
$X_{2}= \{(-r, 0), (\frac{f}{2}, Ls\underline{t}2), (\mathrm{x}, -Lunderline{r}2)\}$
$X$ weight $w$ $w(x)=\{$
$X$ 4- 2
$\frac{11}{t^{8}}$





$X$ R $p$ tight $2e$- $\mathrm{O}\not\in X$ (1),
(2) (3) .
(1) $||x||=||y||$ $w(x)=w$ (y) . $w$ $X_{i}$ .
(2) $i,$ $1\leq i$ \leq p, $X_{*}$. e- .
(3) $w$ $X$ $p\leq e$ .
$X$ $\mathbb{R}^{\mathrm{K}}$ $\mathrm{w}^{f}\mathrm{e}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}$ tight 4- .
$p$ 3 . $p=3$ ( $\mathrm{O}\in X$ . Delsarte, Neumaier, Seidel
$\mathrm{O}\in X$ $X-\{0\}$ 4- . $p=3$
$|X|-1\geq(\begin{array}{l}n+22\end{array})$ .
(1) $\mathrm{O}\not\in X$ $X$ 2 ,
(2) $X=\{0\}\cup$ { $S^{n-1}$ tight 4- }
. (1) .
$X=X_{1}\cup X_{2}$ $X.\cdot$ $r_{*}$. . $|X_{1}|\geq|X_{2}|$
$X.\cdot$ 2 $n$ ( $n\geq 7$
) $X_{1}$ 2- .
-
(Larman-Rogers-Seidel, 1977)
$X$ $\mathbb{R}^{\ltimes}$ $r_{\sim}-$ . 2 $\alpha,$ $\beta$ . $|X|>2n+3$
$k$ $\alpha^{2}$ : $\beta^{2}=k:k$ -l .
$\alpha^{2}$ : $\beta^{2}=k:k$ -l $(_{+\beta}^{+} \frac{\alpha^{2}}{\alpha^{2}}L_{2}^{2})^{2}=(2k-1)^{2}$ .
$X,$ $\mathrm{O}\not\in X$ , 2 tight 4- . tight
4- $n,$ $|$X1| $R_{1}=r_{1^{2}}$ ( $R_{1}$ 3 ) $F$
$F$ ($n,$ $|$X,|, $R_{1}$ ) $=0$ . $X_{1}$ 2 $\alpha,$ $\beta$ tight
4- $n,$ $X_{1}$ $R_{1}$ $G$ $(_{+\beta}^{+S_{\mathrm{F}}^{2}} \frac{\alpha^{2}}{\alpha^{3}})^{2}=G$ (n, $X_{1},$ $R_{1}$ )
. Larman-Rogers-Seidel $G$ (n, $X_{1},$ $R_{1}$ ) 2
. $F$ ($n,$ $|$X1|, $R_{1}$ ) $=0$ $n$ $G$ (n, $X_{1},$ $R_{1}$ ) $X_{1}$
, $n+6>G$ (n, $X_{1},$ $R_{1}^{\cdot}$) $>n+3$ $(2k-1)^{2}=n+4$
$n+5$ . $n,$ $|$X,|
.
.
, $n\leq 6$ ,
. ([12], [13] .)
, , Tight Euclidean 4-designs with constant weight




(i) Tight Gaussian $4$-designs with constant weight $\mathrm{A}\backslash$ Tight Gaussian 4-designs on 2
concentric spheres . ([3] .)
(ii) Tight optimal 4-designs on 2concentric spheres . ([4] .)
20 (2003 7 )
. .
.
(i), (ii), bIaster $\mathrm{T}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{r}\mathrm{e}\ln$ $\omega$
$\mathbb{R}^{\mathrm{K}}$ Euclidean tight 4- .
. , Tight 4-design
, Tight $2e$-designs $(e\geq 3)$ .
, Larman-Rogers-Seidel 2-
, 3- $e$- $(e\geq 3)$ .
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